ARIANT
angina pectoris is caused by coronary artery spasm,,2) and calcium antagonists are known to be an effective treatment.,) In variant angina patients with significant coronary artery disease, we found that percutane- A 24-hour ECG was recorded with a Marquette model 8500 electrocardiograph (Marquette Electronics Inc., Milwaukee, WI). The leads were, in principle, bipolar leads C5-C5R and a modified lead II. A positive ST-segment elevation was defined as an elevation of this segment of 1mm (0.1mV) or more lasting at least 30sec. The times of the episodes and their relationship to daily activities were recorded by the patients. Episodes were classified as symptomatic or asymptomatic. Episodes of ventricular tachycardia (VT) were analyzed from the tape recordings. VT was defined as nonsustained if it lasted more than four beats with a heart rate100 beats per minute but<30 seconds and sustained when the VT duration was30 seconds. Sustained VT was not included in the analysis because episodes of sustained VT did not occur during ST-segment elevation. Maximumm entropy spectral analysis: The fast Fourier transform (FFT) has been used to examine the circadian rhythm of blood pressure and heart rate. 16) However, this method is insufficient to estimate the precise power spectra from short time-series data. The maximum entropy method (MEM) improves on this shortcoming of FFT.17,18) The multiple periodicity of circadian variation of ischemic attacks was analyzed by the Mem Calc (Suwa Trust Ltd., Tokyo). The composite curve described from multiple rhythm periods was obtained by MEM using the nonlinear least squares method (LSM). The values of rhythm periods were determined from the positions of the peak in MEM power spectral density. The peak of the favored time was determined by the time to reach the crest of the composite curve. Statistical analysis: All data are expressed as meanstandard deviation and were assessed by the Chi-square test. Student's t test was used for differences between groups with and without syncope and groups with and without ventricular tachycardia during cardiac attacks. Differences were considered significant if p<0.05. Clinical variables predictive of syncope and ventricular tachycardia during cardiac events at p<0.10 were selected as independent variables in order to find multivariate predictors of these events by multiple regression analysis. For groups with and without syncope, four variables for multivariate analysis were chosen: the site of ST-segment elevation, the presence of arrhythmia during cardiac attacks, the number of diseased coronary arteries and the vessel involved. For groups with and without ventricular tachycardia during cardiac attacks, three variables were chosen: the site of ST-segment elevation, the frequency of STsegment elevation and the number of diseased coronary arteries.
REULTS
Cardiac events in patients with syncope: As shown in Table I , cardiac events occurred in 10.0% of patients with a history of syncope (3 of 30): nonfatal myocardial infarction in 2 and cardiac death in 1. Cardiac events occurred in 10.5% of patients without syncope (22 of 210): nonfatal myocardial infarction in 17 and cardiac death in 5. Of the 5 cardiac deaths, 3 were sudden, all in the group without syncope. Electrocardiographic tracings showed anterior ST-segment el- Table III , ST-segment elevation in the inferior leads and serious arrhythmias were found to be the most important predictors of syncope. ventricular tachycardia group. The frequencies of inferior ST-segment elevation and single vessel disease tended to be higher in the nonventricular tachycardia group (all p<0.1). There were no cardiac events in the ventricular tachycardia group, but there were 3 cases in the nonventricular tachycardia group; myocardial infarction was nonfatal in 1 and fatal in 2. Multivariate analysis revealed that anterior and inferior Table V ST-segment elevation and the frequency of ST-segment elevation were the most important predictors of ventricular tachycardia, as shown in Table V . Circadian variation in episodes of ST-segment elevation: Holter electrocardiograms were recorded 368 times in 107 patients. Figure 1 shows the circadian variation in the frequency of ST-segment elevation. Total ST-segment elevation occurred 1,062 times, and the frequency of asymptomatic episodes was higher than symptomatic episodes (872 vs. 190 episodes, respectively). The peak times for total ST-segment elevation, symptomatic episodes, and asymptomatic episodes were 5 a.m., 7 a.m., and 5 a.m., respectively. Figure 2 shows the circadian variation in the total ST-segment elevation and ST-segment elevation associated with ventricular tachycardia in patients with ventricular tachycardia during Holter monitoring. For total ST-segment elevation, the peak time of the episodes was 5 a.m., and the frequency of asymptomatic episodes was higher than symptomatic episodes (187 vs. 47, respectively). For ST-segment elevation associated with ventricular tachycardia, the peak time was 7 a.m., and the frequency of asymptomatic episodes slightly exceeded symptomatic episodes (20 vs. 17, respectively).
DISCUION
The frequency of variant angina pectoris associated with syncope in patients was 12.5% (30 out of 240 cases); of these patients, 4.2% (10 cases) exhibited syncope without anginal symptoms. Clinical variables associated with syncope were ST-segment elevation in the inferior leads and serious arrhythmias. The frequencies of cardiac events in the syncope and nonsyncope groups were 10.0% and 10.5%, respectively.
Previous studies have reported syncope occurring in 4% to 33% of patients with variant angina pectoris.19,20) According to Heupler et al, 19) syncope without anginal symptoms occurred in 2 of 12 patients, and Mark et al have reported20) a similar frequency regardless of the presence or absence of a significant coronary artery lesion. Our study is in agreement with these findings. In addition, our study is similar to that of Igarashi et al15 who found in unexplained syncope that coronary artery spasm could be provoked by ergonovine, ST-segment elevation occurred in the inferior lead and anginal symptoms were often absent.
Coronary artery disease is often included as a possible cause of unexplained syncope, but acute myocardial ischemia is rarely mentioned.21) Therefore, the contribution of coronary artery spasm to unexplained syncope should be considered. However, this study does not clarify the cause of syncope which is not associated with anginal symptoms. Still, the prognosis of patients with syncope was favorable despite the frequency of inferior ST-segment elevation and atrioventricular block during cardiac attacks. Most patients did not have stenotic lesions, and cardiac attacks could be suppressed by calcium antagonists, resulting in a good prognosis.
One mechanism for syncope accompanying variant angina pectoris could be cardiac arrest brought about by electromechanical dissociation secondary to multivessel spasm and stimulation of inhibitory cardiac receptors by inferior wall ischemia as vagal tone increases. 22, 23) In the 3 syncope patients with a cardiac event (myocardial infarction), significant stenotic lesions were observed. In the nonsyncope group, both myocardial infarction and sudden cardiac death occurred. Thus, we found no direct relationship between sudden cardiac death and syncope associated with variant angina pectoris. This may be due to the effectiveness of calcium antagonists.
The most important problem confronting variant angina pectoris is the prevention of sudden cardiac death, the frequency of which ranges from 2.2% to 16.7%.11,24,25) Transient myocardial ischemia may be the triggering mechanism for fatal ventricular arrhythmias in some cases.26) Some investigators have concluded that the presence of significant stenotic lesions is irrelevant.6) We also found that the significant clinical variables in patients with ventricular tachycardia were anterior and inferior ST-segment elevation and frequency of ST-segment elevation. This indicates a role for frequent and extensive myocardial ischemia. Confirming the occurrence of multivessel spasm with acetylcholine or ergonovine27) may be an important measure. Silent myocardial ischemia is more frequent than symptomatic ST-segment elevation in variant angina pectoris,28) and the peak time for silent myocardial ischemia is early morning. Silent myocardial ischemia comprised 82% of the total cardiac episodes in our study, and the peak time was 5 a.m., consistent with previous reports. Ventricular tachycardia also tended to occur in the early morning, and ventricular tachycardia without anginal symptoms was observed in 50% of subjects. Thus serious arrhythmias may be caused by silent myocardial ischemia. There are reports12,13) that syncope is caused by ventricular tachycardia or ventricular fibrillation induced by silent myocardial ischemia in variant angina patients. Since there is no warning chest pain, despite the occurrence of STsegment elevation, treatment, evaluation and management are difficult. Confirming a drug effect by Holter monitoring in patients with multivessel spasm and ventricular arrhythmias during cardiac attacks is important, regardless of the presence or absence of anginal pain. Two cases of sudden cardiac death in this study had ventricular tachycardia during cardiac attacks, but based on the electrocardiographic findings, it is likely that extensive myocardial ischemia caused by multivessel spasm brought about the fatal arrhythmia. One cause of sudden cardiac death could be a delay in taking medication, and Yasue et al6 found that sudden cardiac death can occur after large amounts of alcohol. We conclude that sudden cardiac death in variant angina patients is unrelated to the occurrence of syncope but may be linked to ventricular tachycardia and ST-segment elevation during cardiac attacks.
